Fifteen gravid, crossbred gilts were utilized in an experiment to measure the effect of five isonitrogenous dietary treatments (12% crude protein, sorghum-soybean meal; sorghum; sorghum+lysine; sorghum+threonine; sorghum+ lysine+threonine) on N balance, colostrum composition and plasma constituents (protein, urea N and IgG). All gilts were fed a standard corn-soybean meal diet from breeding until switched to the sorghum basal diet, on d 60 of gestation. Treatment diets were imposed at d 70. Nitrogen retention, measured between d 103 and 113 of gestation, was improved (P<.002) by lysine addition. Nitrogen retention was similar (P>.10) for gilts fed either the 12% crude protein, sorghum-soybean meal diet or the lysine + threonine-supplemented diet. Plasma protein levels at farrowing were depressed (P<.06) in those gilts fed sorghum diets without supplemental lysine and plasma urea N was elevated (P<.10). Plasma protein and plasma urea N were not affected by threonine supplementation (P>.10). In contrast, the depression of plasma IgG was ameliorated (P<.03) by threonine and unaffected by lysine supplementation. These results confirm the hypothesis that lysine is the first limiting amino acid in sorghum protein for gravid gilts as determined by N retention but indicate that threonine is likely the first limiting amino acid for the production of the specific protein, IgG.
Introduction
Lysine and threonine are the first and second limiting amino acids, respectively, in sorghum protein for growing and finishing swine (Jensen et al. 1965; Cohen and Tanksley, 1976; Ramirez et al., 1981) . A similar order of limitation might be expected for gravid and lactating swine based on a comparison of the amino acid profile of sorghum with the requirements of the breeding female (NRC, 1979) . Few observations have been made on amino acid supplementation of sorghum for the breeding sow. Two reports (Tanksley et al., 1973; Haught et al., 1977) suggested the need for lysine addition when sorghum is supplemented with cottonseed meal.
Generally, in experiments in which lysine (Rippel et al., 1965b; Lewis and Speer, 1973; Woerman and Speer, 1976; Sohail et al., 1978 a,b) or threonine (Rippel et al., 1965 c; Lewis and Speer, 1975) was made the first limiting amino acid, N retention and reproductive performance were depressed. Little in known regarding the interaction of deficiencies of lysine and threonine. Rippel et al., (1965 c) suggested that the threonine requirement was higher in gravid than nongravid animals, possibly due to the demand for threonine-rich proteins for colostrum synthesis such as the immunoglobulins.
The purpose of this study was to determine if the identification of the first limiting amino acid in sorghum protein when fed to gravid gilts during the last one-third of gestation is dependent on the response criteria measured. Therefore, the effect of either lysine or threonine deficiencies on commonly used measures of 631 JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 3, 1984 amino acid adequacy, i.e., N retention, plasma protein, urea N and immunoglobulin G (IgG) and on the protein and IgG content of colostrum and piglet plasma were measured.
Materials and Methods
Fifteen gravid, genetically related, crossbred gilts of similar age (11 mo) and an average initial weight of 161 kg were used in this experiment.
The gilts (from breeding to d 100 of gestation) were housed in individual gestation stalls with nipple waterers and partially slatted floors. They were then moved to metabolic cages previously described by Baker et al. (1967) . Both gestation stalls and metabolic cages were in environmentally controlled buildings (temperature 24C) with a 12 h light: 12 h dark cycle.
A fortified 12% crude protein, sorghumsoybean meal reference diet and an isonitrogenous sorghum-glutamic acid basal diet were formulated (table 1), using analyzed composition values for the feed ingredients. To the basal diet, L-lysine.HC1 and L-threonine were added in a 2 • 2 factorial arrangement to provide the NRC (1979)recommended concentration of each. Amino acid additions were made at the expense of cornstarch and Lglutamic acid to give five isonitrogenous diets: Sorghum-soybean meal (S-SBM); basal (basal); basal+lysine; basal+threonine; basal+lysine+ threonine.
The gilts were gradually adapted to the sorghum diets from d 60 to 70 of gestation by switching from the pretest, 12% crude protein, corn-soybean meal diet to the sorghum basal diet and then, at d 70 to the assigned experimental diets.
Gilts were fed 2.0 kg of diet daily in two equal meals. Daily intake of all nutrients exceeded that recommended by NRC (1979) , except for lysine and threonine in those diets formulated to be deficient. The actual daily intakes of these amino acids are shown in table 2. Gilts were weighed at gestation d 60, 70 and 113 (before farrowing) and their litters were weighed at farrowing.
The gilts were allowed to adapt to the metabolic cage environment for 3 d before initiation of collection procedures. Ferric oxide (.1%) was fed as an indicator in the morning meal on gestation d 104 and 110. Fecal collection was initiated on the appearance of the first red feces and discontinued on the appearance of the red dye from the meal fed on d 110. The total fecal collection was frozen (-20 C) until subjected to N analysis. Urine was quantitatively collected from d 103 through 113, a lO-d collection period. The urine was acidified and an aliquot of each daily collection was stored (-20 C) for analysis. The N content of feed, urine and feces was measured by the macro-Kjeldahl procedure (AOAC, 1975) . Nitrogen intake was corrected for dry-feed refused. Nitrogen digestion and N retention were calculated using standard procedures (Schneider and Flatt, 1975) .
The gilts were bled (12 h postprandiaUy) by vena cava puncture on gestation d 70, 103 and 113 (before farrowing). Two piglets from each litter were bled 6 h postpartum. Plasma was obtained by centrifugation of the heparinized blood and stored in sealed containers at -20 C.
Plasma samples were analyzed for urea N by the urease reaction (Fawcett and Scott, 1960) ; total protein by a colorimetric procedure (Lowry et al., 1951) and IgG by single radial immunodiffusion (Fahey and McKelvey, 1965; Mancini et al., 1965 ) using 1 g agarose in 100 ml of a .03 M saline phosphate buffer, pH 8.0 and 5.1 mg of antiswine IgG4/100 ml of the agarose media solution. Sodium azide (.1%) was included in the media as a preservative. Agaroseantiserum inoculated plates were then incubated in a high-humidity chamber at 21 C for 72 h. Concentrations of IgG were calculated by comparing sample diameters with those of serial dilutions of an IgG standard a .
Colostrum samples (50 ml) were obtained by manual expression, from the first and second right pectoral glands between the delivery of 4 Miles Laboratories, Elkhart, IN. the first and second piglets and before piglets were permitted to nurse. The samples were refrigerated (4 C) until centrifuged (3,000 • g for 30 min) to obtain whey, which was stored (-20 C) in sealed containers until analyzed for total protein and IgG, as described previously.
Results were analyzed statistically as a completely randomized design in a 2 • 2 factorial arrangement of treatments with a reference control (the 12% crude protein, sorghum-soybean meal diet), by the procedures of Steel and Torrie (1960) and using the Statistical Analysis System (SAS, 1979) . A single degree of freedom contrast was used to compare the reference control and the basal+ lysine+threonine treatments. The main effects of lysine, threonine and their interactions were compared within the four factorial treatments.
Results and Discussion
Regardless of criteria measured there was no difference (P>.10) between the 12% crude protein, sorghum-soybean meal reference diet and the basal+lysine+threonine diet. This finding confirms the amino acid adequacy of sorghum supplemented with lysine and threonine for reproduction in swine.
The results of the N balance experiment are summarized in table 3. Nitrogen digestibility was not affected by dietary treatment. Nitrogen retention was substantially improved (P<.001) by lysine addition; there was no response to threonine addition alone. The N balance experiment was conducted during the last 10 d of gestation, assuming that the demand for threonine would be greater at this time than at any other time during pregnancy. This assumption was based on the relatively high concentration of threonine in colostrum protein (Beacom and Bowland, 1951) . The observation of only a slight numerical improvement (P<.34) in N retention failed to provide definite evidence of a need for threonine supplementation of the sorghum basal diet; therefore, other criteria of amino acid status were evaluated.
Plasma total protein (table 4) was uniform among all animals at gestation d 70 when dietary treatments were imposed. Combined data for all treatments revealed a decline (P<.001) in plasma total protein between d 70 and parturition. This stage of gestation effect is not surprising because lactogenesis is evident by d 105 (Hacker and Hill, 1972; Kensinger et al., 1982) and it is likely that plasma amino acids are being preferentially used by the active mammary gland (Spincer et al., 1969) . However, plasma protein was reduced more (P<.06) in gilts fed the lysine deficient diets, with no apparent benefit from threonine supplementation. Presumably this effect is due to the increased demand for lysine, relative to threonine, imposed by the initiation of mammary gland exocrine activities, and the increasing fetal demands (Rippel et al., 1965a,b,c; Schimke, 1970; Bauman and Currie, 1980) . Consequently, the increased plasma urea N (table 4) associated with advancing pregnancy was exacerbated by the lysine deficiency (P<.20) and resulted in an overall lysine effect (P<.10). Plasma IgG was markedly depressed between d 70 and farrowing in gilts fed threonine deficient diets (table 4) . This decline was only prevented by threonine supplementation (P<.03). Because there is a documented withdrawal (Porter, 1962) of immunoproteins from the gilt's plasma by the mammary gland during late gestation, it appears that the gilts fed threonine-deficient diets were unable to produce enough IgG to maintain circulating levels, given the high demand for IgG at parturition. The effect of threonine on plasma IgG is rather unique because, classically, one does not expect a response to the second limiting amino acid, unless the first limiting is provided. However, these results seem to be in agreement with the postulate of Mitchell and Hamilton (1929) , whereby amino acid requirements are specific for a given function. Furthermore, PiedadPascual et al. (1970) observed differences between amino acid requirements for growth and those for optimum immune response. Kenney et al. (1970) , in agreement with our results, found that lysine supplementation had no effect on IgG antibody titers and Lotan et al. (1980) concluded that the influence of threonine on the immune system is not correlated with body weight gain. The IgG response to threonine and not to lysine could well be related to the higher concentration of threonine in immunoproteins (Smith and Greene, 1947; Crumpton and Wilkinson, 1963) .
Protein and IgG concentrations in both colostrum and piglet plasma are shown in table 5. Neither criterion was significantly affected by dietary treatment. This observation is consistent with other reports (Porter, 1962; Elliott et al., 1971; Haye et al., 1981) where it has been difficult to show a significant effect of marginal maternal amino acid deficiencies on the composition of colostrum.
The results of this experiment clearly establish lysine as the first limiting amino acid in sorghum protein for gravid gilts when classical whole body indicators of amino acid status (e.g., N retention, plasma protein concentration and plasma urea N) are used. However, there is evidence that threonine may be the most limiting amino acid in sorghum for the maintenance of circulating concentrations of IgG. The effect of the threonine deficiency is likely exacerbated by the active sequestration of plasma IgG by the mammary gland during late pregnancy. The apparent lack of response of colostral and piglet plasma protein and IgG to either amino acid deficiency, is consistent with bstandard error of the mean.
CValues are means of six piglets; two/litter. the notion that the sow's plasma serves as a pool from which amino acids and proteins (such as IgG) are withdrawn by the mammary gland and the quantity available is sufficient to meet demands. Our results indicate that under many conditions, a lysine-supplemented, sorghum diet may be adequate for pregnancy. However, the presence of a measurable antigenic injury (e.g., pathogen challenge) may cause an increase in threonine requirement and perhaps reduction in productive performance.
